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 Fresh water treatment and conservation is of great importance in a society 
with a growing population.  Ensuring water safety is a crucial task for water 
treatment plants.  Advances in science and technology have allowed for the 
testing and study of potentially harmful side substances produced by water 
sanitation methods, one of those substances is cyanide (-CN).  Previous 
research correlated a significant increase of cyanide levels in effluent water 
sanitized with a chlorination method.  Research has also proposed a mechanism 
for the formation of cyanogen chloride (CNCl) from reactions with amino acids 
during the chlorination process.  Flow injection analysis was chosen to determine 
if detectable levels of cyanide are produced from reaction of varying sodium 
hypochlorite (NaOCl) and the amino acid glycine (NH2‐CH2‐COOH) 
concentrations.  The samples mimic common sanitation practices in wastewater 
treatment plants, with the absence of any substances that may interfere with the 
primary reaction being studied.  Reagent concentration, mixing ratios, pH 
preservation and reaction time are among the various variables used to ascertain 
conditions optimal for cyanide generation.  The observed laboratory trend 
indicates elevated cyanide production from samples that had molar equivalent 
sodium hypochlorite, no high pH preservation, and larger overall reagent 
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Water is essential to life.  Without clean drinking water modern civilization 
could not exist.  In the United States water districts are tasked with providing their 
communities clean water and treating the wastewater generated.  As seen on 
Figure 1 the human impacted water cycle begins by water districts sourcing fresh 
water.  This water typically comes from underground aquifers, reservoirs, creeks 
and rivers.  Once the water is drawn it is initially filtered through a mesh to catch 
large debris and particles.  The water now in a basin is treated with coagulating 
chemicals.  Coagulating chemicals are a mixture of organic and inorganic cations 
added to bind any debris that was small enough to pass through the initial mesh 
filtration.  The resulting compounds have a higher density than water causing 
them to sink to the bottom of the tank.  The clean top water is then passed 
through a secondary filter.  The secondary filter typically consists of gravel, sand 
and charcoal, this ensures any residual debris is removed.  After this filtration the 
water is then sanitized and placed into a storage tank before distribution.  
Sanitation consists of treating the water with chlorine.  The chlorine can be 
introduced in various forms such as gas (Cl2) or as sodium hypochlorite NaOCl.  
The treated water must maintain a residual FAC (free available chlorine) to 
ensure continual sanitation during transportation via water pipes.  This water is 
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Figure 1. Community Water Treatment 
Source: (2015,) Water Treatment: Centers for Disease Control and Prevention.  
 
The water entering the home is used in a variety of ways, from washing a 
car to bathroom needs; regardless of how it was used the water is now 
considered wastewater.  Water used by various businesses is also considered 
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wastewater.  Depending on the location of the home or business, wastewater can 
be collected by a septic tank or a municipal water sewer system.  If a septic 
system is used, as seen in Figure 2, then the wastewater is contained in an 
underground tank located near the source, this tank is known as a septic tank.  In 
a septic tank solid particles are allowed to settle and are broken down by 
microbes.  The tank develops 3 layers, a top scum layer, middle wastewater 
layer and a bottom sludge layer.  The middle wastewater layer is then allowed to 
move into a drain field.  A drain field or leach field is an area underground in 
which the wastewater is allowed to percolate through the soil and gradually filter 
its way down to an underground aquifer. 
 
 
Figure 2. Septic System Diagram 
Source:  (2013) Public Health Land Use & Wastewater: Butte County CA 
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  In contrast, water destined for a municipal water sewer travels through 
underground pipes to a wastewater treatment plant.  Figure 3 shows the typical 
wastewater treatment process.  The wastewater that arrives is initially filtered 
through a series of screens.  A variety of solids are removed including trash and 
solid human waste.  Solid waste is discarded to landfills.  The remaining 
wastewater is then treated in a primary clarification tank.  In a similar process as 
treatment of drinking water a flocculent is used to allow particles floating in 
wastewater to clump together and sink.  This then allows a clear upper 
wastewater layer to be transferred to an aeration basin.  In the aeration basin 
aerobic microbes are used to further break down waste still present in the 
wastewater.  Oxygen (O2) is continually infused to meet bio oxygen demand and 
ensure the survival of the microorganisms.  The water is then moved to a 
secondary clarifier tank to allow microbes and digested waste to settle at the 
bottom.  The clear water from this basin is then moved into another container 
where disinfection takes place, similar to how drinking water disinfection requires 
chlorination.  Chlorine is introduced to the system to help sanitize the treated 
water.  Chlorine is a strong oxidizing agent able to cause cell death making it 
efficient at eliminating bacteria, viruses, and parasites present in the treated 
water.  After disinfection the water is then de-chlorinated with a sodium sulfite 
Na2SO3 solution and depending on the facility an additional UV disinfection 
process may be implemented.  The water is now considered reclaimed water and 
although not fit for human consumption is used for landscape irrigation and 
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groundwater recharge.  In areas of frequent droughts it can be a vital resource 
for local wildlife.  
 
 
Figure 3. Yuba City CA Wastewater Treatment Process  
Source:  (2021) Wastewater Treatment Plant Operations: Yuba City CA 
 
Presence of Cyanide in Wastewater  
To validate the effectiveness of water treatments the United States 
Environmental Protection Agency (EPA) has developed several guidance 
manuals and requirements for state and local water agencies.  As technology 
improved and water testing evolved to be more comprehensive an increase of 
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positive cyanide results began to be detected from multiple treatment plants 
(Weinberg et al., 2005).  The National Pollutant Discharge Elimination System  
(NPDES) commissioned by the Clean Water Act (CWA) to regulate pollutant 
discharge has a 0.5 mg/L cyanide discharge limit for wastewater.  This is a 
maximum level for the nation.  The EPA relegates specific discharge limits to 
regional water quality control boards, who in turn determine effluent limitations 
based on the receiving water body for all facilities in its jurisdiction.  For example, 
in California, Region 8 (Santa Ana Region) has discharge limits of 4.2 µg/L for 
the average monthly "free" cyanide and 8.5 µg/L for a maximum daily 
concentration for the Eastern Municipal Water District which discharges into 
Temescal Creek and nearby adjoining points.     
Cyanide is a byproduct of many industries such as mining and organic 
chemical plants (Weinberg et al., 2005).  Cyanide can also come from bacteria, 
fungi and a variety of plants (Taylor, 2006).  Cyanide and its derivative salts are 
notoriously dangerous.  Cyanide is a poison.  Depending on the exposure 
consequences vary from a mild headache to death.  Cyanide anion reacts with 
the iron in cells causing them to cease aerobic respiration ultimately leading to 
cell apoptosis (Vale, 2016).  Initially the increase in cyanide levels during water 
treatment was thought to be a consequence of flawed storage and sample 
preparation techniques.  It was also hypothesized that undetected thiocyanate 
may be partially oxidizing and releasing free cyanide causing the increase.  
Preliminary studies demonstrated a cyanide increase from storage conditions, 
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but primarily an increase was noted from wastewater treatment plants that use 
chlorination as a sanitation method (Weinberg et al., 2005).  Research has also 
suggested cyanide generation is the result of reaction between nitrite and 
another material in wastewater treated with chlorine, and not a direct result of the 
chlorination process itself (Weinberg et al., 2005). 
Disinfection By-Products  
Disinfection byproducts (DBPs) are compounds unintentionally 
synthesized during water sanitation.  Wastewater treatment plants are sources of 
these DBPs (Krasner et al., 2009).  Drinking water plants also are known to 
produce DBPs (Na et al., 2006).  The commonality in plants that produce DBPs 
is chlorination.  Recent research of SH, a river in Beijing, China that is supplied 
by reclaimed water discharge, found that four common DBPs associated with 
chlorine based sanitation were present in high frequency, and some in high 
quantity.  The four volatile halogenated disinfection bi-products found were 
trichloromethane (THM), tetrachloromethane (CTC), trichloroacetalaldehyde 
(CH), and trichloacetonitrile (TCAN) all of which are associated with chlorine and 
dissolved organic matter (DOMs) reactions (Heng et al., 2021).  
 At the time of water sanitation with a chlorination method, the water to be 
treated has undergone an extensive filtration process.  Despite this process the 
water still contains minerals and other benign compounds like organic nitrogen.  
Amino acids are the most commonly found sources of organic nitrogen, they are 
found naturally in bodies of water with concentrations ranging from 50 to 1,000 
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µg/L (Dotson et al., 2009).   Amino acids are the building blocks of protein.  
Collagen’s triple stranded helix molecule is a hydrogen bonded sequence of 
amino acids, every third of which is glycine.  Collagen is the most plentiful protein 
found in nature, intrinsic in the formation of skin, bones, and various components 
of flesh, decomposition of which releases the amino acid components (Stryer et 
al., 1995).  Given the plethora of sources, glycine is the most common source of 
organic nitrogen and a potential precursor of DBPs (Na et al., 2006).  Reviews of 
wastewater sanitation methods propose that there is no sanitation method that is 
without DBP production and most have a similar progenitor, amines (Shah et al., 
2011). 
Cyanide Formation Mechanism  
 Cyanogen chloride CNCl has been identified as a byproduct of 
chlorinating amino acids (Shang et al., 2000).  During chlorination of wastewater 
excess chlorine reagent is used in order to ensure complete sanitation.  Effluent 
water treated with chlorine reagent exhibits increased cyanide levels compared 
to influent wastewater before treatment (Zheng et al., 2004).  Effluent wastewater 
samples tested immediately after collection also show lower levels of cyanide 
compared to samples stored at recommended high pH of 12 to 12.5.  Similarly 
samples tested, preserved, and retested showed an increase of cyanide while 
under storage (Pandit et al, 2006).  High pH storage is recommended to reduce 
the loss of hydrogen cyanide gas HCN potentially present in samples.  
Laboratory investigation into the possibility of cyanide increase with preservation 
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found that preservation at high pH did increase detectable cyanide particularly in 
samples collected from facilities that use chlorination as a sanitation method 
(Stanley et al., 2010).  Other laboratory studies also demonstrate certain 
dechlorinating agents combined with high pH contribute to the increase of 
cyanide (Khoury et al., 2008).       
Studies of chlorination with excess glycine show the generation of N-
monochloroglycine (NHClCH2COOH) a relatively stable molecule.  With chlorine 
in excess, laboratory testing and literature suggest this molecule quickly 
chlorinates to the ephemeral N,N-dichloroglycine (NCl2CH2COOH), whose 
decomposition primary generates cyanide, see Figure 4.  Studies utilizing in-line 
membrane introduction mass spectrometry (MIMS) has followed the generation 
of chlorination byproducts, their decomposition and the subsequent generation of 
cyanogen chloride (Na et al., 2006).  Although a primary product of chlorination 
with glycine, cyanide has also been noted as a byproduct of various amino acids 
at specific molar ratios (Shang et al., 2000).  Further research with sample 
preservation and varying cyanide testing methods showed that it is difficult to 
obtain accurate testing results with samples preserved in high pH solution of 
sodium hydroxide (NaOH) and this may be especially difficult with samples that 
have been chlorinated and de-chlorinated (Delaney et al., 2016).  Preservation 
with sodium hydroxide should ideally prevent any loss of cyanide already in the 
sample and allow accurate testing results.  If sodium hydroxide is causing higher 
detectable cyanide levels this could be a false positive and not representative of 
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the actual sample.    The results from research conducted thus far indicating 
chlorination, dechlorination, pH, storing protocols and analytical methods could 
be contributing to the generation of cyanide and inaccurate reporting.   
 
 
Figure 4. Reaction Schemes for Cyanide Generation  
Source:  Na et al. (2006) Mechanism and Kinetics of Cyanogen Chloride 
Formation from the Chlorination of Glycine. Environmental Science & Technology 
40, 1469–1477.  
 
Study Purpose and Objectives 
The purpose of this study is to mimic water sanitation conditions in which 
cyanide would be generated from the chlorination of the amino acid glycine.  
Previous research has focused on samples from water districts.  Getting 
conclusive results from water districts can be difficult given the plethora of 
variables from day to day that can affect samples.  Water districts often develop 
individual parameters to ensure proper sanitation of their water.  Districts have to 
consider pH, temperature, and a variety of organic and inorganic compounds 
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present in water to be treated.  In this study solutions of known sodium 
hypochlorite and glycine molarities will be used to study the effect of molar ratios, 
hold time, pH preservation, chlorination and de-chlorination in the generation of 
cyanide.  The samples will be compared to standards and a continual calibration 
check to ensure results are accurately reporting detectable levels of cyanide.  
The temperature of reaction and of storage conditions will be maintained 
constant for all samples to ensure temperature does not unintentionally create 
cyanide.  Samples will also be compared to blank samples of the various 
solutions used in the reaction to ensure no false positives are detected.  The 
samples, standards and blank solutions are tested using colorimetric flow 
injection analysis.  The objective of this research is to determine if detectable 
levels of cyanide is produced from the chlorination of glycine and if so whether or 














METHOD AND MATERIALS 
Colorimetric Flow Injection Analysis  
Lachat’s QuikChem Method 10-204-111-1-X was used to test the 
presence of cyanide in samples.  Four solutions are used in the flow injection 
analysis to trigger a series of reactions that results in a cyanide red color 
complex detectable by a colorimetric detector.  The complex is measured at 570 
nm absorption.  A series of standards and samples are injected resulting in a 
corresponding series of peaks observed as the raw data.  The resulting peak 
area is commensurate with the concentration of cyanide. 
 
 
Figure 5. Flow Injection Pump Carrier and Reagents 
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The carrier, a 0.25 M sodium hydroxide NaOH solution, is made by 
placing 10 g of solid sodium hydroxide in a 1 L volumetric flask with 500 mL of 
deionized water.  The solution is capped and inverted until the solid is dissolved.  
The resulting solution is brought up to volume with deionized water.  The second 
solution is a phosphate buffer made with 97 g of anhydrous potassium 
dihydrogen phosphate (KH2PO4) and deionized water.  The solution is made with 
the same technique as the carrier solution.  The third reagent is a chloramine-T 
solution made by mixing 2 g of chloramine-T hydrate (CH3C6H4SO2NClNa·xH2O) 
in 500 mL of deionized water.  A volumetric flask is used and the same analytical 
techniques as previously mentioned were practiced.  The final reagent is a 
pyridine-barbituric acid solution.  In a fume hood 15 g of barbituric acid 
(C4H4N2O3) is placed in a 1 L beaker and 100 mL of deionized water is added.  
The water is added carefully, rinsing down the sides of the beaker to moisten the 
barbituric acid.  While stirring, 75 mL of pyridine (C5H5N) is added and mixed until 
all solid is dissolved.  To this mixture 15 mL of concentrated hydrochloric acid 
(HCl) is added slowly and mixed.  The resulting solution is transferred to a 1 L 
volumetric flask, brought up to volume with deionized water, capped, inverted, 
and mixed.  All solutions are transferred to polyethylene bottles and degassed by 
sparging with helium.  The bottles are stored in the refrigerator for a maximum of 






Standard solutions of known cyanide concentration are used to construct 
a calibration curve.  The calibration curve will be used to calculate the 
concentration found in reaction samples.  Using an analytical balance 0.3129 g of 
solid potassium cyanide KCN is weighed.  The solid is transferred to a 1 L 
volumetric flask containing 2 g of potassium hydroxide KOH dissolved in 500 mL 
of deionized water, the flask is then brought up to volume with deionized  water, 
capped, inverted and mixed.  The resulting solution is a stock standard of 125.0 
mg of CN-/L.  This standard is prepared fresh every two weeks.   A second stock 
standard is made by diluting 1 mL of the first stock standard in a 100 mL 
volumetric flask with 0.25 M sodium hydroxide.  The second stock standard is 
prepared fresh every week.  Six calibrations standards are made from the 
second stock standard.  Calibration standards can range from 0.5 to 0.0005 mg 
CN-/L.  The standards are prepared analytically using volumetric pipettes, 
volumetric flasks and diluted up to volume with 0.25 M sodium hydroxide.  
Calibration standards are prepared fresh daily.    
Sample and Blank Preparation 
Glycine crystalline solid was used to make solutions of varying 
concentration.   To make a one molar solution 7.507 g of glycine was weighed 
out using an analytical balance.  The solid was then carefully transferred to a 100 
mL volumetric flask and diluted up to volume with deionized water.  The flask 
was then capped, inverted and mixed.  Sodium hypochlorite NaOCl solution was 
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used to make varying concentrations.  In acidic water sodium hypochlorite forms 
hypochlorous acid HOCl (pKa = 7.53).   According to the certificate of analysis the 
sodium hypochlorite solution is 11.5% as free available chloride (FAC).  11.5% 
FAC is equivalent to 1.95 M Cl2, which is also equivalent to 1.95 M hypochlorite 
(OCl-) since one mole of Cl2 produces one mole of OCl-.  A 0.06 molar NaOCl 
solution was made by transferring 7.7 mL of the 11.5% FAC solution to a 250 mL 
volumetric flask.  The flask was diluted up to volume using a 100 mM monobasic 
sodium phosphate NaH2PO4 solution that has been adjusted to pH 7 using a 
solution of sodium hydroxide NaOH.  The flask was capped, inverted and mixed.  
In order to control the reaction time a solution of saturated sodium bisulfite 
NaHSO3 was made.  Sodium metabisulfite (Na2S2O5) is placed in water until 
saturation has been reached.  It takes 65.3 g of sodium metabisulfite in 100 mL 
deionized water to reach saturation.  In water sodium metabisulfite reacts with 
water to form sodium bisulfite following the reaction: 
Na2S2O5 + H2O → 2 NaHSO3 
Sodium bisulfite is a reducing agent; it reacts with sodium hypochlorite as 
followed: 
2 NaHSO3 + 2 HOCl → H2SO4 + 2 HCl + Na2SO4 
Once sodium bisulfite is added the hypochlorous acid is reduced and any 
reaction with glycine is stopped.   
Samples are produced by reacting various amounts of sodium 
hypochlorite solution and glycine.  Sodium bisulfite solution is added carefully to 
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the reaction mixture till no residual chlorine was detected using potassium iodide 
strips.  Overdosing of sodium bisulfite can cause interferences during flow 
injection analysis rendering the sample inconclusive.   
Blank solutions are made by placing 1ml of initial sample reactants, 
sodium hypochlorite solution and glycine into two different containers.  Both 
samples are exposed to the same reaction condition as samples.  The sodium 
hypochlorite blank is de-chlorinated with sodium bisulfite solution.  Glycine blank 
does not contain chlorine so it does not have to be de-chlorinated.   
Reaction and Storage Conditions 
The reaction is conducted in 10 mL volumetric flasks with varying ratios of 
the glycine and hypochlorite solutions.  The volumetric flask is quickly capped 
after the addition of hypochlorite to prevent the loss of any hydrogen cyanide 
HCN generated during the reaction process.  The volumetric flasks are then 
placed in a shaking water bath.  The temperature of the water bath is monitored 








Figure 7. Shaking Water Bath with Reaction Samples  
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The reaction proceeds for a predetermined amount of time in order to 
study the effect of time on the reaction. An initial feasibility trial had a varied 
reaction time of up to 30 minutes.  Based on the trends in preliminary trials and 
literature recommendations the study focused on reaction hold times of 5 and 10 
minutes.  Saturated sodium bisulfite solution is then rapidly added drop wise to 
stop any further reaction.  The solution is tested for any residual chlorine using 
potassium iodide strips.  The samples and blanks are then brought up to volume.  
The samples are brought up to volume using a 0.25 M sodium hydroxide solution 
or deionized water to study the effect of preservation.  Sodium hydroxide is used 
as a preservative to prevent the loss of hydrogen cyanide (HCN) generated 
during the reaction.  Blank samples are diluted to volume using the sodium 
hydroxide solution.  The flasks are then capped, inverted and mixed. 
Lachat Method Execution Setup  
 The eluents prepared are loaded into the Lachat flow injection analysis 
instrument and allowed to flow in order to purge the lines and equilibrate the 
instrument.  The instrument is equilibrated when the baseline is stable and the 
heater on the final mixing section has reached it programmed setting.  Samples 
are tested in a specific order to ensure accuracy is maintained.  Standards are 
loaded first in order from greatest concentration to least.  Blank and sample 
solutions are loaded next ending with a standard called continuous calibration 
verification CCV.  This standard is one of the standards checked in the beginning 
that is re-tested at the end to ensure the validity of instrument calibration and 
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accuracy of results.  This CCV is also used if a large amount of samples are to 







Standard Graph and Instrument Calibration  
Initial trials of the experimental method sought to establish the 
instrument’s ability to detect small amounts of cyanide in solution.  Table 1 shows 
the concentration of the standards and the resulting areas.  Figure 1 is a plotted 
linear graph of Table 1 information.  The graph shows a correlation coefficient 
also called an R2-value of 0.99997 with standards ranging from 0.5356 mg to 
0.0011 mg CN-/L.  The standard results indicate the instrument is sensitive 
enough to detect 1.1 µg/L or 1.1 ppb, with a subsequent trial establishing a base 
detection limit of 0.5 ppb or 1.9x10-5 mM. This sensitivity indicates even small 
amounts of cyanide generated during experimental reactions are detectable.   
 
Table 1. Standard Curve Performed July 19, 2018 











Figure 8. Standard Curve Executed July 19, 2018 
 
Experimental Trials  
Following the success of the calibration standards and establishing the 
limits of cyanide detection several reaction trials were prepared.  Table 2 depicts 
a completed trial performed in July.  A diluted hypochlorite solution was prepared 
by diluting 0.1 mL of the 1.95 M sodium hypochlorite solution with deionized 
water to 250 mL volume, resulting in a 0.78 mM NaOCl solution.  From this 
solution, 0.122 ml is further diluted up to 50 mL ending with a final concentration  
of 0.0019 mM NaOCl.  The glycine solution was made by diluting a 0.1 M glycine 
solution in a similar manner to the sodium hypochlorite solution.  In conventional 
water treatment procedures chlorine is in excess in order to ensure proper 
sanitation.  In pursuit of this model a glycine solution was diluted to a 9.997x10-5 
mM.  Sodium bisulfite solution was also prepared using 0.5671 g sodium 




















metabisulfite in a 50 mL volumetric flask diluted to volume with deionized water.   
In a 100 mL beaker 10 mL of glycine and 10 mL of the sodium hypochlorite 
solution was mixed for 30 minutes.  Sodium bisulfite solution was added drop 
wise until the resulting solution tested negative for chlorine using a potassium 
iodide test strip, approximately 0.5 mL was used.  25 mL of 0.25 M NaOH was 
used to preserve the sample.  The sample was tested 3 times.  Resulting flow 
Injection analysis instrument data can be seen on Figure 10.  The standards, 
blanks and results of the tests are shown in Table 2.  Figure 9 shows the graph 
of Table 2 data.  In this trial it appears that a small amount of cyanide was 
generated during the reaction, however the perceived generated cyanide is 
below the lowest standard in this experiment run.  The initial glycine 
concentration was low and consequently may have contributed to a negligible 
amount of cyanide.  The blanks also appear to have cyanide levels below the 
detection limit.  Due to these results and the low score of the continual calibration 
verification sample, this run was deemed inconclusive. 
 
Table 2. Trial Data for July 24, 2018   
Area V.s Concentration (mM CN-) Sample Name 
1.01 9.78E-04 Standard 1 
0.365 3.91E-04 Standard 2 
0.187 1.96E-04 Standard 3 
0.0751 7.82E-05 Standard 4 
0.0401 3.91E-05 Standard 5 
0.0189 1.96E-05 Standard 6 
    
0.00733 undetectable NaOH 
0.0156 undetectable NaOCl 
0.00788 undetectable Glycine 
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0.0136 undetectable Trial 01072418 #1 
0.00108 undetectable  Trial 01072418 #2 
0.00237 undetectable  Trial 01072418 #3 
    
0.172 1.57E-04 Standard 3 CCV 
    





Figure 9. Standard Calibration Graph for July 24, 2018 
 




















Figure 10. FIA Data for July 24, 2018 Trials  
 
The next series of reactions focused on increasing the amount of each 
reagent, the reactions were labeled 01072518 and 02072518.    Trial 01072518 
used a 1.998x10-4 mM glycine and 1.915x10-3 mM NaOCl.  Trial 02072518 used 
3.997x10-4 mM of glycine and 3.815x10-3 mM NaOCl.  Both trials were repeated 
3 times.   The results can be seen on Table 3 and Figure 11. The R-values for 
this trial was 0.9708 indicating some standards deviated from the standard trend 
line.  The continual calibration verification was within 83% of the original value.    
Trial 01072518 indicated a cyanide concentration larger than the smallest 
standard with the first two trials testing at 2.2x10-5 mM CN- and the third testing at 
2.8x10-5 mM CN-.  Trial 02072518 repeats 1 and 3 tested at 2.9x10-5 mM CN- , 
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the second repeat tested at 1.01x10-5 mM CN-.  Due to the indistinguishable 
difference in sample preparation of all samples, it is unclear why the second 
repeat of 02072518 tested lower. 
 
Table 3. Trial Data for July 25, 2018  
Area V.s Concentration (mM CN-)  Sample Name  
0.587 9.78E-04 Standard 1 
0.318 3.91E-04 Standard 2 
0.16 1.96E-04 Standard 3 
0.0566 7.82E-05 Standard 4 
0.0272 3.91E-05 Standard 5 
0.00429 1.96E-05 Standard 6 
   
-0.0198 undetectable  NaOH Blank  
0.0105 undetectable  Glycine Blank 1 
0.0158 undetectable  NaOCl Blank 1 
0.0138 undetectable  Glycine Blank 2 
0.014 undetectable  NaOCl Blank 2 
    
0.0142 2.2E-05  01072518 #1 
0.0141 2.2E-05   01072518 #2 
0.018 2.8E-05   01072518 #3 
    
0.0187 2.9E-05  02072518 #1 
0.0645 1.0E-05 02072518 #2 
0.019 2.9E-05  02072518 #3 
    
0.119 1.63E-04 CCV Standard 3 
    





Figure 11. Standard Calibration Graph for July 25, 2018 
 
 
To better represent wastewater disinfection at neutral pH a buffer solution 
was created to buffer the sodium hypochlorite reagent.  The sodium hypochlorite 
reagents were buffered in a 0.1 M monobasic potassium phosphate KH2PO4 
solution adjusted to a pH 7 using a 0.25 M sodium hydroxide NaOH solution.   
The first several trials done with reagents ranging from 0.1 to 100 mM, resulted in 
no detectable cyanide being observed.  For the subsequent trials, the 
concentration of the sodium hypochlorite and glycine reagents increased to 1 M 
or 1000 mM.  The standards were recalculated to be in the range of reagents 
used.  Table 4 shows the amounts and concentration of trials done on October 
20th and 21st.  Initially the goal was to start with solutions of similar concentration 
and vary the amount reacted, however a miscalculation resulted in the NaOCl 
solution having a smaller concentration than glycine.  The trial done on October 
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20th was diluted up to a 100 mL volume and the one on the 21st was diluted up to 
10 mL.  Both solutions were diluted up to volume with 0.25 M sodium hydroxide 
solution after de-chlorination.  Although peaks were visible for both trials the 
reaction mixtures prepared on the 21st showed a cyanide peak larger than the 
minimum standard.  Any peaks found below the minimum standard are labeled 
as not quantified.  From the reactions on the 21st the 2nd trial was shown to have 
the lowest peak at 8.37x10-5 mM CN- and the 3rd trial was the highest peak at 
1.60x10-3 mM CN-.  Although the trials performed on the 21st resulted in positive 
cyanide peaks, the concentrations used on the trials are relatively high for the 
small amount of cyanide generated.  The continued calibration verification 
sample was also found to be 106%.  
 
Table 4. Reaction Mixing Ratios 10/21/2018 
Trial #   Reaction Mixing Ratios 
01102018 1.2 mmol NaOCl + 2.0 mmol Glycine 
02102018  2.4 mmol NaOCl + 2.0 mmol Glycine 
03102018  1.2 mmol NaOCl + 4.0 mmol Glycine 
01102118  0.6 mmol NaOCl + 1.0 mmol Glycine 
02102118  0.6 mmol NaOCl + 2.0 mmol Glycine 





Table 5. Trial Data for October 20-21, 2018 
Area V.s Concentration (mM CN-)  Sample name  
16.1 1.98E-02 Standard A 
8.38 9.89E-03 Standard B  
4.45 4.95E-03 Standard C 
0.712 9.89E-04 Standard D 
0.297 4.95E-04 Standard E 
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0.093 9.89E-05 Standard F 
   
0.032 undetectable Blank H20 
0.269 2.56E-04 Blank NaOCl 
0.0391 undetectable Blank Glycine 
0.0513 undetectable Blank NaHSO3 
    
-0.0429 undetectable Trial 01102018 
0.0133 undetectable Trial 02102018 
0.0187 undetectable Trial 03102018 
    
0.515 5.56E-04 Trial 01102118 
0.128 8.37E-05 Trial 02102118 
1.37 1.60E-03 Trial 03102118 
    
4.37 5.26E-03 CCV Standard C 
    







Figure 12.  Standard Calibration Graph for October 21, 2018 
 
The next reactions performed repeated the previous concentrations and 
ratios as well as one with half the concentration of the reagents used.  The 
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amounts used can be found in Table 6.  All samples were diluted up to 10 mL 
with 0.25 M sodium hydroxide solution after de-chlorination.  As observed in the 
previous trial, levels of cyanide larger than the smallest standard were detected.  
Surprisingly the reactions prepared with lower concentration reagents showed a 
larger amount of cyanide than the higher concentration reactions.  The largest 
detectable cyanide level was observed from trial 06110418 in which the NaOCl 
reagent was slightly in excess.  The sodium hypochlorite blank also had a peak 
larger than the smallest standard and trial 01110418 resulted in a negative peak.  
CN- detection from a blank and a negative peak is indicative of contamination 
and unreliable data.  Adjustment needed to be made to eliminate these issues. 
 
Table 6. Reaction Mixing Ratio 11/04/2018 
Trial # Reaction Mixing Ratio 
01110418 0.6 mmol NaOCl + 1.0 mmol Glycine 
02110418 0.6 mmol NaOCl + 2.0 mmol Glycine  
03110418 1.2 mmol NaOCl + 1.0 mmol Glycine  
04110418 0.3 mmol NaOCl + 0.5 mmol Glycine  
05110418 0.3 mmol NaOCl + 1.0 mmol Glycine  
06110418 0.6 mmol NaOCl + 0.5 mmol Glycine  
 
 
Table 7. Trial Data for November 4, 2018 
Area V.s Concentration (mM CN-)  Sample Name  
16.1 1.98E-02 Standard A 
8.38 9.88E-03 Standard B  
4.45 4.94E-03 Standard C 
0.712 9.88E-04 Standard D 
0.297 4.94E-04 Standard E 
0.093 9.88E-05 Standard F 
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0.032 undetectable Blank H20 
0.269 2.49E-04 Blank Cl- 
0.0391 undetectable Blank Glycine 
0.0513 undetectable Blank NaOH 
   
-0.0429 undetectable Trial 01110418 
0.0133 undetectable Trial 02110418 
0.0187 undetectable Trial 03110418 
   
0.515 5.46E-04 Trial 04110418 
0.128 7.92E-05 Trial 05110418 
1.37 1.58E-03 Trial 061104118 
   
4.37 5.19E-03 CCV Standard C 
   






Figure 13: Standard Calibration Graph for November 04, 2018 
 















Cyanide Standards November 4, 2018
31 
 
The subsequent trial also detected cyanide.  Going back to the larger 
concentration of reagents, the reaction time was varied.  Table 8 shows the 
reagents, mixture amounts and reaction time before de-chlorination.  Samples 
again produced cyanide peaks larger than the smallest standard with the 
exception of trial 03111218.  The largest peak was from the sample with a larger 
NaOCl amount as well as a 5 minute reaction time sample 06112518.  The peak 
was too large to properly be displayed and resulted in it being cut off.  The 
continuing calibration verification standard CCV that was executed at the end of 
the test sequence resulted in 56.19% of the original standard tested at the 
beginning of the sequence.  This signifies an inaccuracy in the calibration of the 
instrument and in the validity of the results.  The discrepancy of the CCV could 
also be due to the large peak proceeding interfering with the baseline and 
resulting in inaccurate peak detection.  Despite the seeming inaccuracy of the 
quantitative results the overall trend indicates a higher generation of cyanide 
from samples with higher amounts of NaOCl.  Trials 01111218, 02111218, and 
03111218 resulted in negative peaks indicating contamination and did not 
provide any usable data. 
 
Table 8. Reaction Mixing Ratio, Preservation and Reaction Time 11/12/18 
Trial # Reaction MixingRatio 
Preservation 
with NaOH Reaction Time  
01111218 0.6 mmol NaOCl + 1.0 mmol Glycine Yes 5 minutes 
02111218 0.6 mmol NaOCl + 2.0 mmol Glycine  Yes 5 minutes 
03111218 1.2 mmol NaOCl + 1.0 mmol Glycine Yes 5 minutes 
04112518 0.6 mmol NaOCl + 1.0 mmol Glycine No 5 minutes 
05112518 0.6 mmol NaOCl + 2.0 mmol Glycine  No 5 minutes 
06112518 1.2 mmol NaOCl + 1.0 mmol Glycine No 5 minutes 
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Table 9. Trial Data for November 25, 2018  
Area V.s Concentration (mM CN-)  Sample name  
26.3 1.98E-02 Standard A 
0.849 7.92E-04 Standard B  
0.584 5.94E-04 Standard C 
0.413 3.96E-04 Standard D 
0.162 1.98E-04 Standard E 
0.123 7.92E-05 Standard F 
   
0.0187 1.06E-04 Blank H20 
0.0335 1.17E-04 Blank NaOCl 
    
0.247 2.77E-04 Trial 01112518 
0.0165 1.04E-04 Trial 02112518 
4.26 3.28E-03 Trial 03112518 
    
28.5 2.15E-02 Trial 04112518 
4.65 3.58E-03 Trial 05112518 
98.4 7.38E-02 Trial 06112518 
    
0.323 3.34E-04 CCV Standard C 
    





Figure 14. Standard Calibration Graph for November 25, 2018 
















Cyanide Standards November 25, 2018
33 
 
The next series of trials focused on varying reaction mixtures of similar 
concentrations, the differences between preserved and unpreserved samples 
and explored reaction times of 5 versus 10 minutes before de-chlorination.  The 
pH of the samples was checked before flow injection analysis.  Samples 
preserved in NaOH had an expected high pH of between 11 and 12.  Samples 
that were not preserved had a low pH of between 3 and 4.  All samples produced 
detectable levels of cyanide.  Table 12 shows the trial ordered from the highest to 
the lowest amount of cyanide produced.  Similarly to the previous trial the 
samples that produced the highest amount of detectable cyanide had a reaction 
time of 5 minutes and a one to one or greater concentration of sodium 
hypochlorite.  Additionally the samples that produced the highest amount of 
cyanide had not been preserved in NaOH.  Samples 080022419 and 10022419 
produced the most cyanide. The samples appear to have a large amount of 
cyanide that overloaded the detector and resulted in an off-scale peak.  Since 
samples tested out of range of the largest calibration standard the true 
concentration cannot be quantified.  Another notable phenomenon was between 
samples 01022319 and 02022419.  These peaks produced similar peak areas 
despite 02022419 having double the amount of NaOCl.  Both samples had the 
same amount of glycine, same hold time, and both preserved with NaOH.  The 
samples that produced the least amount of cyanide are 03022419 and 
06022419.  The samples had identical mixing ratios of 1mL NaOCl to 2 mL of 
glycine.  Both were preserved in NaOH but had varying reaction times.  The 
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sample with the 10 minute reaction time produced the least amount of cyanide.  
The CCV and R –value were both in good range demonstrating the data 
collected was a correct representation of the sample concentrations. 
 
Table 10. Reaction Mixing Ratio, Preservation and Reaction Time 2/24/2019 





01022419 0.488 mmol NaOCl + 0.473 mmol Glycine  Yes 5 minutes 
02022419 0.976 mmol NaOCl + 0.473 mmol Glycine  Yes 5 minutes 
03022419 0.488 mmol NaOCl + 0.946 mmol Glycine  Yes 5 minutes 
04022419 0.488 mmol NaOCl + 0.473 mmol Glycine  Yes 10 minutes 
05022419 0.976 mmol NaOCl + 0.473 mmol Glycine  Yes 10 minutes 
06022419 0.488 mmol NaOCl + 0.946 mmol Glycine  Yes 10 minutes 
07022419 0.488 mmol NaOCl + 0.473 mmol Glycine  No 5 minutes 
08022419 0.976 mmol NaOCl + 0.473 mmol Glycine  No 5 minutes 
09022419 0.488 mmol NaOCl + 0.946 mmol Glycine  No 5 minutes 




Table 11. Trial Data for February 24, 2019 
Area V.s Concentration (mM CN-)  Sample Name  
8.73 1.94E-02 Standard A 
3.44 7.75E-03 Standard B  
2.53 5.81E-03 Standard C 
1.72 3.87E-03 Standard D 
0.814 1.94E-03 Standard E 
0.365 9.68E-04 Standard F 
   
0.0453 Undetectable Blank H20 
0.0223 Undetectable Blank NaOCl 
0.0232 Undetectable Glycine  
   
1.96 4.48E-03 1022419 
1.96 4.48E-03 2022419 
0.854 2.04E-03 3022419 
1.54 3.55E-03 4022419 
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3.2 7.21E-03 5022419 
0.549 1.36E-03 6022419 
26.1 5.77E-02 7022419 
89.1 1.97E-01 8022419 
14.7 3.26E-02 9022419 
78 1.72E-01 10022419 
2.43 5.51E-03 CCV Standard C 
   









Table 12. Samples Sorted by Concentration of CN- Produced 2/24/19 









1 08022419 5 min No 2:1 1.97E-01 
2 10022419 5 min No 2:1 1.72E-01 
3 07022419 5 min No 1:1 5.77E-02 
4 09022419 5 min No 1:2 3.26E-02 
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5 05022419 10 min Yes 2:1 7.21E-03 
6 02022419 5 min Yes 2:1 4.48E-03 
7 01022419 5 min Yes 1:1 4.48E-03 
8 04022419 10 min Yes 1:1 3.55E-03 
9 03022419 5 min Yes 1:2 2.04E-03 
10 06022419 10 min Yes 1:2 1.36E-03 
 
  
The next trial was prepared with similar parameters as the previous one 
but with lower concentration of reagents.  In the previous trial samples that 
produced large amounts of cyanide, it appeared to have overloaded the detector 
which resulted in out-of-range peaks.  In order to ensure the peaks are within 
detection range a 50x dilution was used on starting molarities of 488 mM NaOCl 
and 500 mM glycine.  Table 13 shows the resulting concentration and mixing 
ratios.  At this lower concentration we were able to distinguish the peaks more 
precisely.  Four out of the eight trial samples did not detect cyanide.  Negative 
peaks are associated with over dosing of sodium bisulfite and are considered 
undetectable.  At low reagent concentration the sodium bisulfite must be 
administered carefully to avoid overdosing, even a small overdose of sodium 
bisulfite will cause negative peaks and inconclusive data.  Sodium bisulfite 
dosing cannot be calculated by the reagent amount as it is unknown how much 
of the sodium hypochlorite was consumed during the reaction.  Another issue 
with small reagent concentration is establishing a good coefficient of 
determination or R2-value.  Minute variables in standard preparation will result in 
dramatic differences at low concentration; this explains the R2-value of 0.9391.  
Despite these issues the continual calibration verification standard was within 5% 
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of the original standard tested indicating some useful information could still be 
gathered from this trial.   All samples other than the four mentioned above had 
detectable levels of cyanide.  Table 14 has the samples ordered by the amount 
of cyanide detected.  The two highest cyanide producing reactions had sodium 
hypochlorite in excess.  In addition the sample that had the highest cyanide was 
not preserved in NaOH.   
 
Table 13. Reaction Mixing Ratio, Preservation and Reaction Time 5/11/2019 





05111901 4.88 x10-4 mmol NaOCl + 5.00 x10-4 mmol Glycine 5 min Yes 
05111902 9.76 x10-4 mmol NaOCl + 5.00 x10-4 mmol Glycine 5 min Yes 
05111903 4.88 x10-4 mmol NaOCl + 1.00 x10-3 mmol Glycine 5 min Yes 
05111904 4.88 x10-4 mmol NaOCl + 5.00 x10-4 mmol Glycine 5 min No 
05111905 9.76 x10-4 mmol NaOCl + 5.00 x10-4 mmol Glycine 5 min No 
05111906 4.88 x10-4 mmol NaOCl + 1.00 x10-3 mmol Glycine 5 min No 
05111907 4.88 x10-4 mmol NaOCl + 5.00 x10-4 mmol Glycine 10 min Yes 





Table 14. Trial Data for May 11, 2019 
Area V.s Concentration (mM CN-)  Sample Name  
0.787 3.05E-04 Standard A 
0.468 2.29E-04 Standard B 
0.366 1.52E-04 Standard C 
0.279 7.62E-05 Standard D 
0.199 3.81E-05 Standard E 
0.138 1.52E-05 Standard F 
   
-0.0882 Undetectable Blank H20 
-0.0975 Undetectable Blank Cl- 






-0.0647 Undetectable 05111901 
9.67 4.81E-03/Not Quantified  05111902 
-0.517 Undetectable 05111903 
0.317 1.08E-04 05111904 
21.6 1.08E-02/Not Quantified  05111905 
0.219 5.86E-05  05111906 
-0.0799 Undetectable 05111907 
-0.0807 Undetectable 05111908 








Table 15. Samples Sorted by Concentration of CN- Produced 5/11/19 









9.76 x10-4 mmol NaOCl + 
5.00 x10-4 mmol Glycine  
5 min No 1.08E-02* 
2 5111902 
9.76 x10-4 mmol NaOCl + 
5.00 x10-4 mmol Glycine 
5 min Yes 4.81E-03* 
3 5111904 
4.88 x10-4 mmol NaOCl + 
5.00 x10-4 mmol Glycine  
5 min No 1.08E-04 
4 5111906 
4.88 x10-4 mmol NaOCl + 
1.00 x10-3 mmol Glycine  
5 min No 5.86E-05 
5 5111901 
4.88 x10-4 mmol NaOCl + 
5.00 x10-4 mmol Glycine  
5 min Yes Undetectable 
6 5111907 
4.88 x10-4 mmol NaOCl + 
5.00 x10-4 mmol Glycine 
10 min Yes Undetectable 
7 5111908 
4.88 x10-4 mmol NaOCl + 
5.00 x10-4 mmol Glycine  
10 min Yes Undetectable 
8 5111903 
4.88 x10-4 mmol NaOCl + 
1.00 x10-3 mmol Glycine  
5 min Yes Undetectable 





Figure 16. Standards Calibration Graph for May 11, 2019 
  
The final trial was an attempt to display varying amounts of reagent 
concentrations, mixing ratios, and preserved versus unpreserved samples in 
addition to varying reaction time.  Four initial reagent concentrations were 
prepared for both glycine and sodium hypochlorite and identified by a letter and 
different reagent mixing ratios were applied. Table 16 has sample number, 
reagent concentration, mixing ratios, preservation and time parameters.  To 
distinguish between unpreserved and preserved samples, the letter A is assigned 
after the reference number to the samples not preserved with NaOH.    Another 
trial scenario sought to identify the difference reaction time has on the generation 
of cyanide and to verify results from previous trials.  These samples were 
designated with the letter B.  They are all one to one mixing ratio and they vary 
from preserved to unpreserved using the varying concentrations; Table 17 shows 
the variables between samples.  To ensure the instrument is maintaining 
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accuracy, continual calibration verification was performed intermittently after 
every 8 samples.   Table 18 has the order of the standards, samples and CCVs, 
and Table 19 the resulting values detected.  Table 19 lists the samples in order 
of the most detectable cyanide produced.  The samples that produced the most 
cyanide appear to have sodium hypochlorite in excess and were not preserved in 
sodium hydroxide.  
 
Table 16. Reaction Mixing Ratio, Preservation and Reaction Time 6/21/19 
With NaOH Preservation 
Sample # Reaction Time Reaction Mixing Ratio  
W1 5 minutes 0.00975 mmol NaOCl + 0.01 mmol Glycine  
W2 5 minutes 0.00975 mmol NaOCl +0.02 mmol Glycine 
W3 5 minutes 0.0195 mmol NaOCl +0.01 mmol Glycine 
X1 5 minutes 0.04875 mmol NaOCl +0.05 mmol Glycine 
X2 5 minutes 0.04875 mmol NaOCl +0.1 mmol Glycine 
X3 5 minutes 0.0975 mmol NaOCl +0.05 mmol Glycine 
Y1 5 minutes 0.0975 mmol NaOCl +0.1 mmol Glycine 
Y2 5 minutes 0.0975 mmol NaOCl +0.2 mmol Glycine 
Y3 5 minutes 0.195 mmol NaOCl +0.1 mmol Glycine 
Z1 5 minutes 0.195 mmol NaOCl +0.2 mmol Glycine 
Z2 5 minutes 0.195 mmol NaOCl +0.4 mmol Glycine 
Z3 5 minutes 0.39 mmol NaOCl +0.2 mmol Glycine 
No NaOH Preservation 
Sample # Reaction Time Reaction Mixing Ratio  
W1-A 5 minutes 0.00975 mmol NaOCl +0.01 mmol Glycine 
W2-A 5 minutes 0.00975 mmol NaOCl +0.02 mmol Glycine 
W3-A 5 minutes 0.0195 mmol NaOCl +0.01 mmol Glycine 
X1-A 5 minutes 0.04875 mmol NaOCl +0.05 mmol Glycine 
X2-A 5 minutes 0.04875 mmol NaOCl +0.1 mmol Glycine 
X3-A 5 minutes 0.0975 mmol NaOCl +0.05 mmol Glycine 
Y1-A 5 minutes 0.0975 mmol NaOCl +0.1 mmol Glycine 
Y2-A 5 minutes 0.0975 mmol NaOCl +0.2 mmol Glycine 
Y3-A 5 minutes 0.195 mmol NaOCl +0.1 mmol Glycine 
Z1-A 5 minutes 0.195 mmol NaOCl +0.2 mmol Glycine 
Z2-A 5 minutes 0.195 mmol NaOCl +0.4 mmol Glycine 






Table 17. Time Trial Sample Information 6/21/19 





W1B 0.00975 mmol NaOCl + 0.01 mmol Glycine  5 Yes 
W2B 0.00975 mmol NaOCl + 0.01 mmol Glycine 5 No 
X1B 0.04875 mmol NaOCl +0.05 mmol Glycine 10 Yes 
X2B 0.04875 mmol NaOCl +0.05 mmol Glycine 10 No 
Y1B 0.0975 mmol NaOCl +0.1 mmol Glycine 10 Yes 
Y2B 0.0975 mmol NaOCl +0.1 mmol Glycine  10 Yes 
Z1B 0.195 mmol NaOCl +0.2 mmol Glycine 10 Yes 




Table 18. Trial Data for June 21, 2019  
Area V.s Concentration (mM CN-) Sample Name 
0.904 9.91E-03 Standard A 
0.728 7.93E-03 Standard B 
0.528 5.95E-03 Standard C 
0.36 3.97E-03 Standard D 
0.174 1.98E-03 Standard E 
0.0258 3.97E-04 Standard F 
0.0228 Undetectable Blank H20 
0.00782 Undetectable Blank NaOCl 
-0.0125 Undetectable Glycine 
0.718 7.89E-03 CCV #1 Standard B 
 99.5% CCV#1/standard B*100% 
0.0477 6.28E-04 W1 
0.11 1.30E-03 W2 
0.306 3.43E-03 W3 
0.0932 1.12E-03 W1A 
0.254 2.86E-03 W2A 
0.664 7.31E-03 W3A 
0.206 2.34E-03 W1B 
0.172 1.98E-03 W2B 
0.709 7.79E-03 CCV#2 Standard B 
 98.3% CCV#1/standard B*100% 
0.228 2.58E-03 X1 
0.169 1.94E-03 X2 
0.883 9.68E-03 X3 
0.678 7.46E-03 X1A 
0.558 6.16E-03 X2A 
37.6 4.07E-01 X3A 
0.213 2.42E-03 X1B 
0.956 1.05E-02 X2B 
0.745 8.18E-03 CCV #3 Standard B 
 103.2% CCV#3/standard B*100% 
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0.601 6.62E-03 Y1 
0.511 5.65E-03 Y2 
0.23 2.60E-03 Y3 
1.11 1.21E-02 Y1A 
0.694 7.63E-03 Y2A 
33.6 3.64E-01 Y3A 
0.404 4.49E-03 Y1B 
1.09 1.19E-02 Y2B 
0.728 8.00E-03 CCV #4 Standard B 
 100.9% CCV#4/standard B*100% 
0.386 4.29E-03 Z1 
0.63 6.94E-03 Z2 
0.401 4.46E-03 Z3 
0.463 5.13E-03 Z1A 
1.07 1.17E-02 Z2A 
0.617 6.80E-03 Z3A 
0.921 1.01E-02 Z1B 
1.48 1.61E-02 Z2B 
0.723 7.94E-03 CCV #5 Standard B 
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Table 19. Samples Sorted by Concentration of CN- Produced 6/21/2019 
Concentration 
CN⁻ mM 
Sample Reaction Mixing Ratio Preserved 
Reaction 
Time (min) 
*4.07E-01 X3-A 0.0975 mmol NaOCl + 0.05 mmol Glycine No 5 
*3.64E-01 Y3-A 0.195 mmol NaOCl + 0.1 mmol Glycine No 5 
*1.61E-02 Z2-B 0.195 mmol NaOCl + 0.2 mmol Glycine  No 10 
*1.21E-02 Y1-A 0.0975 mmol NaOCl + 0.1 mmol Glycine No 5 
*1.19E-02 Y2-B 0.0975 mmol NaOCl + 0.1 mmol Glycine  No 10 
*1.17E-02 Z2-A 0.195 mmol NaOCl + 0.4 mmol Glycine No 5 
*1.05E-02 X2-B 0.04875 mmol NaOCl + 0.05 mmol Glycine No 10 
*1.01E-02 Z1-B 0.195 mmol NaOCl + 0.2 mmol Glycine Yes 10 
9.68E-03 X3 0.0975 mmol NaOCl + 0.05 mmol Glycine Yes 5 
7.63E-03 Y2-A 0.0975 mmol NaOCl + 0.2 mmol Glycine No 5 
7.46E-03 X1-A 0.04875 mmol NaOCl + 0.05 mmol Glycine No 5 
7.31E-03 W3-A 0.0195 mmol NaOCl + 0.01 mmol Glycine No 5 
6.94E-03 Z2 0.195 mmol NaOCl + 0.4 mmol Glycine Yes 5 
6.80E-03 Z3-A 0.39 mmol NaOCl + 0.2 mmol Glycine No 5 
6.62E-03 Y1 0.0975 mmol NaOCl + 0.1 mmol Glycine Yes 5 
6.16E-03 X2-A 0.04875 mmol NaOCl + 0.1 mmol Glycine No 5 
5.65E-03 Y2 0.0975 mmol NaOCl + 0.2 mmol Glycine Yes 5 
5.13E-03 Z1-A 0.195 mmol NaOCl + 0.2 mmol Glycine No 5 
4.49E-03 Y1-B 0.0975 mmol NaOCl + 0.1 mmol Glycine Yes 10 
4.46E-03 Z3 0.39 mmol NaOCl + 0.2 mmol Glycine Yes 5 
4.29E-03 Z1 0.195 mmol NaOCl + 0.2 mmol Glycine Yes 5 
3.43E-03 W3 0.0195 mmol NaOCl + 0.01 mmol Glycine Yes 5 
2.86E-03 W2-A 0.00975 mmol NaOCl + 0.02 mmol Glycine No 5 
2.60E-03 Y3 0.195 mmol NaOCl + 0.1 mmol Glycine Yes 5 
2.58E-03 X1 0.04875 mmol NaOCl + 0.05 mmol Glycine Yes 5 
2.42E-03 X1-B 0.04875 mmol NaOCl + 0.05 mmol Glycine Yes 10 
2.34E-03 W1-B 0.00975 mmol NaOCl + 0.01 mmol Glycine  Yes 5 
1.98E-03 W2-B 0.00975 mmol NaOCl + 0.01 mmol Glycine No 5 
1.94E-03 X2 0.04875 mmol NaOCl + 0.1 mmol Glycine Yes 5 
1.30E-03 W2 0.00975 mmol NaOCl + 0.02 mmol Glycine Yes 5 
1.12E-03 W1-A 0.00975 mmol NaOCl + 0.01 mmol Glycine No 5 
6.28E-04 W1 0.00975 mmol NaOCl + 0.01 mmol Glycine  Yes 5 






Final Trial Run 
 The final run provides the best information about the evolution of cyanide 
and the conditions that will lead to higher cyanide concentrations upon 
chlorination of glycine.  Table 19 shows the sample preparation and the resulting 
concentration of both preserved and unpreserved samples.  As previously 
mentioned the samples with similar leading letters mean that the same reagent 
concentrations were used as seen on Tables 16 and 17.  Specific parameters 
were then modified to investigate their effect on cyanide generation.  For 
example, samples W1 and W1-A use the same reagents, same mixing ratio, and 
the same reaction time.  Samples denoted with the letter A at the end indicate no 
preservation with sodium hydroxide.  This then allows us to compare the two 
samples with preservation as the variable.  The variety of mixing ratios and 
varying concentrations provide information about the effect of the molar ratios 
between glycine and sodium hypochlorite.  
 The initial observation is that samples without preservation have a higher 
concentration of cyanide compared to preserved counterparts.  The two highest 
yielding reactions were X3A at 4.07E-01 mM CN-/L and Y3A at 3.64E-01 mM 
CN-/L.  The samples were very large and out of range of the highest standards 
as such they cannot be accurately quantified, however their estimate value 
provides important information about the reaction trend.  Previous studies have 
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questioned if preservation of cyanide effluent samples in sodium hydroxide 
contribute to an increase in cyanide detected.  The data presented in this 
research demonstrates an increase in detectable cyanide is noted from samples 
not preserved in sodium hydroxide.  The notable exception appears to be 
between samples W1B and W2B.  To ensure the validity of the data these two 
samples varied in preservation but were prepared with identical reagent 
solutions, quantity of reagents, and hold times.  The results note that the sample 
with preservation is slightly higher in concentration than the non-preserve 
sample.  However the difference between the samples is very small and 
considering the small reagent concentration it is likely that normal preparation 
discrepancies along with instrument and detection limitations are responsible for 
the difference.   
 To better understand the outcome of varying preservation Table 20 shows 
all samples prepared with identical reagents, but varying preservation in sodium 
hydroxide, organized from most to least detectable level of cyanide.  All samples 
without sodium hydroxide preservation had a demonstrably higher amount of 
detectable cyanide compared to their preserved counterparts; these results are 
illustrated in Figures 18 and 19.  Another interesting investigation looked at 
preservation and time variables.  Table 21 shows the results from samples with 
varied reaction time, and varied preservation.  Figure 20 is a graphical 
representation of data and shows samples with a hold time of 5 minute had the 
smallest yield of cyanide, with the unpreserved sample being slightly higher than 
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the preserved duplicate.  The rest of the samples follow a similar pattern, the 
highest concentration producing the most cyanide.  In this trial it is again noted 
that unpreserved samples test higher in cyanide content compared to 
unpreserved samples. Table 21 and Figure 20 show within 10 min reaction time 
samples of the ones with no preservation test higher, even against samples of 
higher reactant concentration that are preserved.   
 To better understand the impact of reaction time, dosing, and preservation 
on specific samples we incorporate the samples prepared with the same reagent 
and various variables.  Table 22 has side by side comparison with samples that 
used the same reagents, along with the resulting cyanide generation.  Figure 20 
and Table 22 has them organized from the least to most cyanide generation.  
Unpreserved samples once again are the samples that generated the most 
cyanide.  The next observable variable that generates more cyanide is molar 
concentration.  The samples that had an approximate 1:1 molar ratio generated 
the most cyanide.  Initial reagent concentration also followed its previously 
observed trend.  The higher the concentration of the initial reagents, the higher 
cyanide is produced.  It also seems that time may play a part as 4 of the highest 
samples have a 10 minute reaction time, indicating the reaction may not be 






Table 20. Preservation Variables Trial Data for 6/21/2019  
Sample Prep Parameters With NaOH preservation No Preservation 
Reaction Mixing Ratio Time pH Sample Peak 
Concentration 
CN⁻ mM 
Sample pH Peak 
Concentration 
CN⁻ mM 
0.00975 mmol NaOCl + 0.01 mmol Glycine 5 13 W1 0.0477 6.28E-04 W1A 6 0.0932 1.12E-03 
0.00975 mmol NaOCl + 0.02 mmol Glycine 5 13 W2 0.11 1.30E-03 W2A 6 0.254 2.86E-03 
0.0195 mmol NaOCl + 0.01 mmol Glycine 5 13 W3 0.306 3.43E-03 W3A 6 0.664 7.31E-03 
0.04875 mmol NaOCl + 0.05 mmol Glycine 5 13 X1 0.228 2.58E-03 X1A 6 0.678 7.46E-03 
0.04875 mmol NaOCl + 0.1 mmol Glycine 5 13 X2 0.169 1.94E-03 X2A 6 0.558 6.16E-03 
0.0975 mmol NaOCl + 0.05 mmol Glycine 5 13 X3 0.883 9.68E-03 X3A 6 37.6 4.07E-01 
0.0975 mmol NaOCl + 0.1 mmol Glycine 5 13 Y1 0.601 6.62E-03 Y1A 6 1.11 1.21E-02 
0.0975 mmol NaOCl + 0.2 mmol Glycine 5 13 Y2 0.511 5.65E-03 Y2A 6 0.694 7.63E-03 
0.195 mmol NaOCl + 0.1 mmol Glycine 5 13 Y3 0.23 2.60E-03 Y3A 6 33.6 3.64E-01 
0.195 mmol NaOCl + 0.2 mmol Glycine 5 13 Z1 0.386 4.29E-03 Z1A 6 0.463 5.13E-03 
0.195 mmol NaOCl + 0.4 mmol Glycine 5 13 Z2 0.63 6.94E-03 Z2A 6 1.07 1.17E-02 





Figure 18. Cyanide Generation Preserved Vs Unpreserved 6/21/19 
 
 

























Table 21. Trial Data with Reaction Time 6/21/19 
Concentration 
mM CN- 
Sample Reaction Mixing Ratio Preserved 
Reaction Time 
(min) 
1.61E-02 Z2B 0.195 mmol NaOCl + 0.2 mmol Glycine No 10 
1.19E-02 Y2B 0.0975 mmol NaOCl + 0.1 mmol Glycine No 10 
1.05E-02 X2B 0.04875 mmol NaOCl + 0.05 mmol Glycine No 10 
1.01E-02 Z1B 0.195 mmol NaOCl + 0.2 mmol Glycine Yes 10 
4.49E-03 Y1B 0.0975 mmol NaOCl + 0.1 mmol Glycine Yes 10 
2.42E-03 X1B 0.04875 mmol NaOCl + 0.05 mmol Glycine Yes 10 
2.34E-03 W1B 0.00975 mmol NaOCl + 0.01 mmol Glycine Yes 5 
1.98E-03 W2B 0.00975 mmol NaOCl + 0.01 mmol Glycine No 5 
 



















Table 22. Trial Data with Reaction Time and Preservation 6/21/19 
Concentration mM  
CNˉ Sample Reaction Mixing Ratio Preserved 
Reaction 
Time  
0.00258 X1 0.04875 mmol NaOCl + 0.05 mmol Glycine Yes 5 minutes 
0.00746 X1-A 0.04875 mmol NaOCl + 0.05 mmol Glycine No 5 minutes 
0.00242 X1-B 0.04875 mmol NaOCl + 0.05 mmol Glycine Yes 10 minutes 
0.0105 X2-B 0.00975 mmol NaOCl + 0.01 mmol Glycine No 10 minutes 
0.00662 Y1 0.0975 mmol NaOCl + 0.1 mmol Glycine Yes 5 minutes 
0.0121 Y1-A 0.0975 mmol NaOCl + 0.1 mmol Glycine No 5 minutes 
0.00449 Y1-B 0.0975 mmol NaOCl + 0.1 mmol Glycine Yes 10 minutes 
0.0119 Y2-B 0.0975 mmol NaOCl + 0.1 mmol Glycine No 10 minutes 
0.00429 Z1 0.195 mmol NaOCl + 0.2 mmol Glycine Yes 5 minutes 
0.00513 Z1-A 0.195 mmol NaOCl + 0.2 mmol Glycine No 5 minutes 
0.0101 Z1-B 0.195 mmol NaOCl + 0.2 mmol Glycine Yes 10 minutes 
0.0161 Z2-B 0.195 mmol NaOCl + 0.2 mmol Glycine No 10 minutes 
 














Figure 21. Reaction Time and Preservation Variables 6/21/19  
 
 
Amalgamated Results  
 To better understand trends in the data collected, all experiment 
concentration, parameters and results are organized by greatest cyanide 
detected to least.  These data can be found on Table 23.  The data has also 
been color coded to identify experiments with the same reagents.  Samples not 
preserved in NaOH and with a five minute reaction time appear to have the 
highest evolution of cyanide.  Percent yield was calculated based on the lowest 
initial molar concentrations of the reagents.  Table 24 has data organized from 
highest to lowest percent yield, any value that was smaller than 0.1% yield was 
excluded.  We can see that the highest yield were from samples 5111905 at 
21.6% and 5111902 with 9.62%.  Both had a higher sodium hypochlorite 













Cyanide Generation Reaction Time and Preservation Variables 6/21/19
* Samplesm not preserved in NaOH                                       Concentration mM CNˉ
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concentration and a reaction time of five minutes.  Fifteen samples omitted due 
to a smaller than 0.1% yield and only two of those samples were not preserved in 
sodium hydroxide. The combined sample and results view allows a more 
comprehensive evaluation of the effects time has on cyanide generation.  
Although the particular time variable trial had initially indicated a higher increase 
in cyanide from samples with a 10 minute reaction time, Table 24 suggests there 
is no significance of cyanide generation between 5 and 10 minute reaction time.  
To identify molar trends the Pearson Product-Moment Correlation Coefficient 
was used to measure the strength between the molar ratio and CNˉ % Yield 
denoted as r.  The r value between molar ratio and CNˉ % Yield was 0.47 
indicates a strong medium positive correlation.   
 
 
Table 23. Data Results from Highest to Lowest mmol CNˉ Detected 











0.0975 mmol NaOCl + 0.05 mmol 
Glycine 
No 5 min 4.07E-03 8.14% 103.2 0.9997 
Y3-A 
0.195 mmol NaOCl + 0.1 mmol 
Glycine 
No 5 min 3.64E-03 3.64% 100.9 0.9997 
08022419 
0.976 mmol NaOCl + 0.473 mmol 
Glycine 
No 5 min 1.97E-03 0.42% 94.89 0.9999 
10022419 
0.488 mmol NaOCl + 0.2365 mmol 
Glycine 
No 5 min 1.72E-03 0.73% 94.89 0.9999 
07022419 
0.488 mmol NaOCl + 0.473 mmol 
Glycine 
No 5 min 5.77E-04 0.12% 94.89 0.9999 
09022419 
0.488 mmol NaOCl + 0.946 mmol 
Glycine 
No 5 min 3.26E-04 0.07% 94.89 0.9999 
Z2-B 
0.195 mmol NaOCl +0.2 mmol 
Glycine 
No 10 min 1.61E-04 0.08% 100.2 0.9997 
Y1-A 
0.0975 mmol NaOCl + 0.1 mmol 
Glycine 
No 5 min 1.21E-04 0.12% 100.9 0.9997 
Y2-B 
0.0975 mmol NaOCl + 0.1 mmol 
Glycine 




0.195 mmol NaOCl + 0.4 mmol 
Glycine 
No 5 min 1.17E-04 0.06% 100.2 0.9997 
5111905 
9.76 x10-4 mmol NaOCl + 5.00 x10-
4 mmol Glycine 
No 5 min 1.08E-04 21.60% 95.1 0.9391 
X2-B 
0.04875 mmol NaOCl +0.05 mmol 
Glycine 
No 10 min 1.05E-04 0.22% 103.2 0.9997 
Z1-B 
0.195 mmol NaOCl +0.2 mmol 
Glycine 
Yes 10 min 1.01E-04 0.05% 100.2 0.9997 
X3 
0.0975 mmol NaOCl + 0.05 mmol 
Glycine 
Yes 5 min 9.68E-05 0.19% 103.2 0.9997 
Y2-A 
0.0975 mmol NaOCl + 0.2 mmol 
Glycine 
No 5 min 7.63E-05 0.08% 100.9 0.9997 
X1-A 
0.04875 mmol NaOCl + 0.05 mmol 
Glycine 
No 5 min 7.46E-05 0.15% 103.2 0.9997 
W3-A 
0.0195 mmol NaOCl + 0.01 mmol 
Glycine 
No 5 min 7.31E-05 0.73% 98.3 0.9997 
05022419 
0.976 mmol NaOCl + 0.473 mmol 
Glycine 
Yes 10 min 7.21E-05 0.02% 94.89 0.9999 
Z2 
0.195 mmol NaOCl + 0.4 mmol 
Glycine 
Yes 5 min 6.94E-05 0.04% 100.2 0.9997 
Z3-A 
0.39 mmol NaOCl + 0.2 mmol 
Glycine 
No 5 min 6.80E-05 0.03% 100.2 0.9997 
Y1 
0.0975 mmol NaOCl + 0.1 mmol 
Glycine 
Yes 5 min 6.62E-05 0.07% 100.9 0.9997 
X2-A 
0.04875 mmol NaOCl + 0.1 mmol 
Glycine 
No 5 min 6.16E-05 0.13% 103.2 0.9997 
Y2 
0.0975 mmol NaOCl + 0.2 mmol 
Glycine 
Yes 5 min 5.65E-05 0.06% 100.9 0.9997 
Z1-A 
0.195 mmol NaOCl + 0.2 mmol 
Glycine 
No 5 min 5.13E-05 0.03% 100.2 0.9997 
5111902 
9.76 x10-4 mmol NaOCl + 5.00 x10-
4 mmol Glycine 
Yes 5 min 4.81E-05 9.62% 95.1 0.9391 
Y1-B 
0.0975 mmol NaOCl + 0.1 mmol 
Glycine 
Yes 10 min 4.49E-05 0.05% 100.9 0.9997 
01022419 
0.488 mmol NaOCl + 0.473 mmol 
Glycine 
Yes 5 min 4.48E-05 0.01% 94.89 0.9999 
02022419 
0.976 mmol NaOCl + 0.473 mmol 
Glycine 
Yes 5 min 4.48E-05 0.01% 94.89 0.9999 
Z3 
0.39 mmol NaOCl + 0.2 mmol 
Glycine 
Yes 5 min 4.46E-05 0.02% 100.2 0.9997 
Z1 
0.195 mmol NaOCl + 0.2 mmol 
Glycine 
Yes 5 min 4.29E-05 0.02% 100.2 0.9997 
04022419 
0.488 mmol NaOCl + 0.473 mmol 
Glycine 
Yes 10 min 3.55E-05 0.01% 94.89 0.9999 
W3 
0.0195 mmol NaOCl + 0.01 mmol 
Glycine 
Yes 5 min 3.43E-05 0.34% 98.3 0.9997 
W2-A 
0.00975 mmol NaOCl + 0.02 mmol 
Glycine 
No 5 min 2.86E-05 0.29% 98.3 0.9997 
Y3 
0.195 mmol NaOCl + 0.1 mmol 
Glycine 
Yes 5 min 2.60E-05 0.03% 100.9 0.9997 
X1 
0.04875 mmol NaOCl + 0.05 mmol 
Glycine 
Yes 5 min 2.58E-05 0.05% 103.2 0.9997 
X1-B 
0.04875 mmol NaOCl + 0.05 mmol 
Glycine 
Yes 10 min 2.42E-05 0.05% 103.2 0.9997 
W1-B 
0.00975 mmol NaOCl + 0.01 mmol 
Glycine 






Table 24. Data Results from Highest to Lowest CNˉ %yield 
% 











in NaOH  
Reaction 
time 
mmol CN- in 





5.00E-04 1.95 No 5 min 1.08E-04 95.1 0.9391 
9.6% 5111902 9.76E-
04 
5.00E-04 1.95 Yes 5 min 4.81E-05 95.1 0.9391 
8.1% X3A 9.75E-
02 
5.00E-02 1.95 No 5 min 4.07E-03 103.2 0.9997 
3.6% Y3A 1.95E-
01 
1.00E-01 1.95 No 5 min 3.64E-03 100.9 0.9997 
0.7% W3A 1.95E-
02 





2.37E-01 2.06 No 5 min 1.72E-03 94.9 0.9999 
0.4% 8022419 9.76E-
01 
4.73E-01 2.06 No 5 min 1.97E-03 94.9 0.9999 
0.3% W3 1.95E-
02 
1.00E-02 1.95 Yes 5 min 3.43E-05 98.3 0.9997 
0.3% W2A 9.75E-
03 
2.00E-02 0.49 No 5 min 2.86E-05 98.3 0.9997 
0.2% W1B 9.75E-
03 
1.00E-02 0.98 Yes  5 min 2.34E-05 98.3 0.9997 
0.2% 5111904 4.88E-
04 
5.00E-04 0.98 No 5 min 1.08E-06 95.1 0.9391 
0.2% X2B 4.88E-
02 
5.00E-02 0.98 No 10 min 1.05E-04 103.2 0.9997 
0.2% W2B 9.75E-
03 
1.00E-02 0.98 No 5 min 1.98E-05 98.3 0.9997 
0.2% X3 9.75E-
02 
5.00E-02 1.95 Yes  5 min 9.68E-05 103.2 0.9997 
0.2% X1A 4.88E-
02 
5.00E-02 0.98 No 5 min 7.46E-05 103.2 0.9997 
0.1% W2 9.75E-
03 
2.00E-02 0.49 Yes  5 min 1.30E-05 98.3 0.9997 
0.1% X2A 4.88E-
02 
1.00E-01 0.49 No 5 min 6.16E-05 103.2 0.9997 
0.1% Y1A 9.75E-
02 
1.00E-01 0.98 No 5 min 1.21E-04 100.9 0.9997 
0.1% Y2B 9.75E-
02 
1.00E-01 0.98 No 10 min 1.19E-04 100.9 0.9997 
0.1% 7022419 4.88E-
01 
4.73E-01 1.03 No 5 min 5.77E-04 94.9 0.9999 
0.1% 5111906 4.88E-
04 
1.00E-03 0.49 No 5 min 5.86E-07 95.1 0.9391 
0.1% W1A 9.75E-
03 
1.00E-02 0.98 No 5 min 1.12E-05 98.3 0.9997 
0.1% Z2B 1.95E-
01 
2.00E-01 0.98 No 10 min 1.61E-04 100.2 0.9997 
0.1% Y2A 9.75E-
02 
2.00E-01 0.49 No 5 min 7.63E-05 100.9 0.9997 
0.1% Y1 9.75E-
02 
1.00E-01 0.98 Yes  5 min 6.62E-05 100.9 0.9997 
0.1% 9022419 4.88E-
01 
9.46E-01 0.52 No 5 min 3.26E-04 94.9 0.9999 
0.1% W1 9.75E-
03 
1.00E-02 0.98 Yes  5 min 6.28E-06 98.3 0.9997 
0.1% Z2A 1.95E-
01 
4.00E-01 0.49 No 5 min 1.17E-04 100.2 0.9997 
0.1% Y2 9.75E-
02 
2.00E-01 0.49 Yes  5 min 5.65E-05 100.9 0.9997 
0.1% Z1B 1.95E-
01 
2.00E-01 0.98 Yes  10 min 1.01E-04 100.2 0.9997 
0.1% X1 4.88E-
02 
5.00E-02 0.98 Yes  5 min 2.58E-05 103.2 0.9997 
03022419 
0.488 mmol NaOCl + 0.946 mmol 
Glycine 
Yes 5 min 2.04E-05 0.00% 94.89 0.9999 
W2-B 
0.00975 mmol NaOCl + 0.01 mmol 
Glycine 
No 5 min 1.98E-05 0.20% 98.3 0.9997 
X2 
0.04875 mmol NaOCl + 0.1 mmol 
Glycine 
Yes 5 min 1.94E-05 0.04% 103.2 0.9997 
06022419 
0.488 mmol NaOCl + 0.946 mmol 
Glycine 
Yes 10 min 1.36E-05 0.00% 94.89 0.9999 
W2 
0.00975 mmol NaOCl + 0.02 mmol 
Glycine 
Yes 5 min 1.30E-05 0.13% 98.3 0.9997 
W1-A 
0.00975 mmol NaOCl + 0.01 mmol 
Glycine 
No 5 min 1.12E-05 0.11% 98.3 0.9997 
W1 
0.00975 mmol NaOCl + 0.01 mmol 
Glycine 
Yes 5 min 6.28E-06 0.06% 98.3 0.9997 
5111904 
4.88 x10-4 mmol NaOCl + 5.00 x10-
4 mmol Glycine 
No 5 min 1.08E-06 0.22% 95.1 0.9391 
5111906 
4.88 x10-4 mmol NaOCl + 1.00 x10-
3 mmol Glycine 





























 Sanitation and disinfection processes are vital to clean drinking 
water.  Reports of increased cyanide levels after chlorine sanitation are a 
concerning phenomenon that has perplexed waste water districts throughout the 
country.  Previous theories have questioned if preservation techniques result in 
false positives or if increased cyanide is a disinfection by-product from 
chlorination and organic nitrogen found in water.  The goal of this research was 
to identify if cyanide is generated between sodium Hypochlorite NaOCl and the 
amino acid glycine and the variables that increase or decrease this reaction.  
Figure 22 shows a graph of the CNˉ % yield Vs Molar Ratio in which we can note 
that the samples that produced the highest yield of cyanide were more likely to 
have a molar ratio of 2, which is 2 moles of NaOCl per mole of glycine, which is 
considered molar equivalent. A Pearson Product-Moment Correlation Coefficient 
r value of 0.47 also confirms a positive correlation between a molar ratio 2:1 
(NaOCl:glycine)  and % CNˉ yield.  Out of 46 samples tested 15 were omitted for 
producing less than 0.1% and 16 of them produced 0.1%.  Of those 31 low 
yielding samples 17 had a 1:1 molar ratio and 10 had 2:1 glycine:NaOCl ratio.  
Although previous reports suggested preservation in sodium hydroxide resulted 
in false increases of cyanide detection the samples that produced the highest 
yield of cyanide were more likely to be unpreserved, Indeed samples that were 
preserved were more likely to produce less cyanide than their unpreserved 
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counterpart.  Of the 31 low yielding samples 19 or 61% of the samples were 
preserved in sodium hydroxide.  Initial time studies also suggest that 10 minute 
reaction time might increase the amount of cyanide.  This would indicate that the 
reaction is not completed at 5 minute, although with the limited amount of 
samples tested this is still inconclusive.   
To expand on the findings of this research, future investigations can 
explore a wide molar ratio between NaOCl and glycine, a more comprehensive 
reaction hold time study, look at the effects using different amino acids and 
explore what role temperature has in this reaction.  Current findings and trend 
from this research suggest that wastewater districts are experiencing increase 
cyanide as a disinfection bi-product and should move to explore condition to 
















Reaction Mixing Ration Concentration mmol 
= Stock Solution Concentration mM * (1 L / 1000 mL) * Amount used mL  
Example: 
Trial 1022419 
NaOCl Stock Concentration = 488 mM 
Amount used = 1 mL 
= 488 mM * (1 L / 1000 mL) * 1 mL  
= 488 mmol/L * (1 L / 1000 mL) * 1mL  
=0.488 mmol NaOCl  
 
 
Sample Concentration using Standard Slope Intercept Line Formula y = mx+b 
y = Peak Area V.s 
m = Slope of the trend line 
x = concentration mM CN⁻ 
b = y intercept  
y = mx + b 
y – b = mx + b – b 
(y - b) / m = mx / m 
x = (y – b) / m   
This formula is used to calculate the concentration CN⁻in samples using the 





Area Vs (y) = 1.96 
Standard Slope Intercept Line Formula y = 453.31x – 0.0691 
x = (y + 0.0691) / 453.31 
x = (1.96 + 0.0691) / 453.31 
x = 2.0291 / 453.31 
x = 4.48 x 10⁻3mM CN⁻ ,  This is the concentration of CN⁻ detected in the 
sample. 
 
Millimoles CN⁻ in Sample (mmol) from Millimolar Concentration (mM) 
= Concentration mmol/L * (1 L / 1000 mL) * total sample volume mL 
 Example: 
Trial 1022419 
= 4.48 x 10⁻3mmol/L * (1 L/ 1000 mL) * 10 mL 
= 4.48 x 10-5 millimoles CN⁻, This is the millimoles of CN⁻ detected in the sample. 
 
% CN⁻ Yield 
=(millimoles CN⁻ detected in sample / lowest reagent millimoles used) * 100% 
Example: 
Trial 1022419 
Millimoles CN⁻ detected in sample = 4.48 x 10-5 millimoles CN⁻ 
60 
 
Millimoles of NaOCl used = 0.488 mmol NaOCl 
Millimoles of glycine used = 0.4730 mmol glycine 
From the information the lowest reagent millimoles use was 0.4730 mmol 
glycine. 
= 4.48 x 10-5 millimoles CN⁻ / 0.4730 mmol glycine *100 % 
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